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Date: June 13, 2007 
Ref.: INCO/P/MP/RPT/024-07 
 
INTERNATIONAL BROADCASTING BUREAU, 
Kuwait Transmitting Station 
State of Kuwait. 
 
Attention: Mr. Gaines Johnson 

Station Manager 
  
Job Order No.: 3652 
 
Subject: Geotechnical Investigation Final Report  

For the New MW Project 
At IBB Kuwait Transmitting Station, Al-Mutla'a Area, Kuwait 
Owner: International Broadcasting Bureau    
============================================= 

 
Dear Sir, 
 
We are pleased to submit herewith eight (8) copies of the final Geotechnical 
Investigation report for the above mentioned project. This report has been prepared in 
accordance with our proposal dated 26th March 2007 (Ref. No. INCO/P/QUO/084-07) 
and as per your Purchase Order dated 11th April 2007 (Purchase Order No. BB-6445-
64-07-P-002).  
 
It was a pleasure to have worked with you on this project. We look forward to be of 
service again in your other future projects. 
 
We trust that this report will meet your design requirements. Should you have any 
questions regarding this report, please do not hesitate to contact us. 
 
 
Best Regards, 
INCO - LAB 
 
 
 
Dr. Abdul Majeed A. Jeragh 
Technical Consultant 

 
 
 

Encl: as above 
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Geotechnical Investigation Final Report  

For the  
New MW Project 

At IBB Transmitting Station, Kuwait  
================================== 

 
1. INTRODUCTION 
 

This report presents the results of the subsurface soil exploration carried out on 19th to 
22nd April 2007 and on 29th April to 5th May 2007 for M/s. International 
Broadcasting Bureau in connection with the New MW Project at IBB Kuwait 
Transmitting Station in Al-Mutla’a area, Kuwait.  
 
The project consists of  the proposed construction of a new 3000 sq.ft Single Storey 
Transmitting Building, three (3) 56m new antenna towers, new utilities and 
transmission lines, parking area, fencing around the new site and an access road to 
connect the new site to the existing perimeter road. The locations of the boreholes that 
explored the project site are shown in the boreholes location plan in the attached 
Appendix C. 
 
This report presents the results of the completed subsurface soil exploration. 
Recommendations on subsoil parameters, bearing capacities and other related 
geotechnical parameters are also provided to aid in the design of the foundations of 
the proposed structures for the project. 
 
All works for the subsurface soil exploration were carried out in accordance with 
applicable ASTM (American Society for Testing and Materials) Standards, BSI 
(British Standards Institute) and other acceptable Geotechnical Standards/Guidelines. 
A brief description of the methodology of the field and laboratory tests are likewise 
provided in this report. 
 

2. LOCAL CONDITION AND REGIONAL GEOLOGY 
    
   2.1  Natural Setting and Climate 

 

The State of Kuwait is situated at the northeastern corner of the Arabian Peninsula. It 
comprises an area of approximately 17,800 km2 extending between latitudes 28o30’ 
and 30o05’N and longitudes 46o33’ and 48o30’E.  
 
Kuwait is characterized by the predominance of a hot and dry climate. The summer in 
Kuwait is very hot especially in July and August. The mean temperature during this 
period varies between 30oC and 50oC. Winter is rather cool especially in January with 
mean temperature 12oC.  
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Rainfall in Kuwait is scanty, totaling 110 mm per year. Another most prevailing 
climatological characteristic in Kuwait is the frequent dust-storm. The contribution of 



dust sedimentation of northwestern part of the Arabian Gulf is found to be 1 mm per 
year. The same thickness of deposition is assumed to be taking place throughout the 
coastal areas of Kuwait.  
 
Pronounced variations in humidity is another common climatological phenomenon in 
Kuwait. Relative humidity varies from 60.9% in January to 21.5% in June. On the 
other hand, evaporation is very high and is variable within location and seasons. The 
mean amount of evaporation is 10.3 mm per day.  
 
2.2 Regional Geology 

 

Kuwait lies on the eastern edge of the deep sedimentary basin that forms the Arabian 
Peninsula, and is underlain by a considerable thickness of  sedimentary rocks. In the 
south of Kuwait, relatively young deposits of the Dibdibba formation (Upper Miocene 
to Pleistocene Epochs, approximately 2 to 10 million years old) outcrop at the surface. 
These deposits are underlain at depth by the Dammam formation (Upper Eocene 
Epoch, approximately 38 to 42 million years old). The normally intervening deposits 
of the fars formation are absent except in Northern Kuwait. 

 

The Dibdibba formation typically consists of siliceous sands and gravels, with varying 
amounts of silt and some thin clay and gypsum bands. Cementation is only partial and 
relatively poor, consisting of calcium carbonate and gypsum. 
 

In South Kuwait the recent deposits overlying the Dibdibba formation consists chiefly 
of the windblown sand forming sheets and low dune structures. Adjacent to the 
shoreline calcareous deposits are locally present generally consisting of oolitic and 
bioclastic sands. 
 

The low seasonal rainfall mostly evaporates or percolates into the ground, therefore, 
little runoff ends to the sea. The influence of evaporation predominates, and the 
general movement of groundwater is upward. This leads to high concentrations of 
soluble material near the ground surface generally calcium carbonate, gypsum etc. In 
North Kuwait gypsum predominates, whereas in the South high concentration of 
calcium carbonates are encountered near the ground surface. 
 

Ref :- J. Al-Sulaimi and A. Mukhopadhyay (2000). “An Overview of the Surface 
and Near-surface Geology, Geomorphology and Natural Resources of Kuwait”. 
Earth-Science Reviews 50 (2000).  

 
 
 
 
 
 
 
 
 
 
 
3. SCOPE OF WORK 
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 The scope of work carried out for the soil investigation is generally as detailed in 
our proposal and it can be summarized as follows: 
 
3.1 Field Work 

 

 In order to provide the necessary data input for the soil investigation report, a field 
exploration program was carried out, which in summary consisted of the following: 

 

• Three (3) boreholes were drilled to 10.0m depth each at the proposed locations of 
the Antenna Towers (one borehole each for each Antenna Tower base). 

• Nine (9) boreholes were drilled to 6.0m depth each at the proposed locations of the 
guy anchors (three guy anchors for each Antenna Tower) 

• Two (2) boreholes drilled down to 10.0m depth each at the proposed location of 
the new Transmitting Building. 

• Nineteen (19) boreholes were drilled to 6.0m depth each along the proposed route 
of the Utilities. 

• Two (2) Falling Head Tests were performed within the vicinity of the proposed 
area for the septic tank of the new Transmitting Building. 

• Standard Penetration Tests (SPT) performed at 0.5m interval down to 3.0m depth, 
thereafter at 1.0m interval to the final depth. 

•   Disturbed samples for visual classification were taken from all the depths of the 
Standard Penetration Tests.. 

•   Undisturbed samples using Dames and Moore sampler were taken at selected 
depth for laboratory testing. 

 
 All field operations were supervised and directed by Inco-Lab drilling supervisor. 

Detailed description of field activities and field test results are presented in 
Appendix A attached to this report.  

 

Boreholes location plan and soil profiles are presented in Appendix C attached to 
this report. 
 

3.2 Laboratory Testing 
 

A laboratory-testing program was set up to aid classification and to evaluate the 
physical and engineering properties of the subsurface soils. The laboratory testing was 
performed according to the test methods as per BS or ASTM Standards. The 
laboratory test results and a brief description of the test methods are presented in 
Appendix B of this report. 

 
4 SUBSURFACE CONDITIONS 
 

4.1 Subsurface Soils 
 
General subsurface soil profile encountered at the project site is briefly described 
hereunder.  These descriptions are based on the soil classification tests and Standard 
Penetration Tests (SPT) performed during the field investigation and laboratory 
testing. 
 
 
The subsurface soil at the site is composed of wind-blown-sand deposits in the upper 
layer. Below this, is a very dense formation of weak calcareous fine sandstone. This is 
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a soft rock lense which is weathered and degraded in place and becomes a very dense 
sand deposit. Intervening medium dense sand lenses were encountered at depths 
where the fine sandstone is highly weathered and  poorly cemented. 
 
The generalized soil profile along the influence boreholes that explored the various 
proposed structures are shown in the accompanying soil profile sheets in Appendix C. 
 
4.1.1 Antenna Tower and Guy Anchor Locations.  
 
The proposed site of the three (3) antenna towers and guy anchors were explored by 
boreholes BH-1 to BH-9 as shown in the attached boreholes location plan. 
 
Antenna Tower No.1 and Guy Anchors. For this site, the borehole location of BH-9 
is designated as the Antenna Tower No.1 base location and boreholes BH-10 to 12 for 
the guy anchor locations. In borehole BH-9, medium dense sand was encountered 
down to 1.5m depth. This has an average N value of 15 blows/30cm. The soil 
becomes very dense (Nvalues > 50) below 1.5m to the maximum borehole depths of 
6.0m and 10.0m. 
 
In borehole BH-10, the guy anchor at this location is underlain by very dense sand 
(Nvalues > 50) below EGL down to 6.0m depth. In boreholes BH-11 and BH-12, the 
the guy anchors at these location are underlain by a medium dense sand (average 
Nvalue=14) down to 3.0m depth. Thereafter, the soil becomes very dense (Nvalues > 
50) down to 6.0m depth. 

 
Antenna Tower No.2 and Guy Anchors. Borehole BH-5 explored the location of the 
tower base designated as Antenna Tower No.2 in this site. This borehole is underlain 
by medium dense sand down to 1.0m depth and at 2.0m to 3.0m depth. This has 
average Nvalue of 18.  There is an intervening very dense layer at 1.0 to 2.0m depth. 
Below 3.0m depth, this soil becomes very dense (Nvalues >50) down to the 10m 
depth of the borehole. 
 
The guy anchor locations were explored by BH-6, BH-7 and BH-8.  Very dense sand 
formation was encountered from EGL at BH-7 down to 6.0m depth. In BH-6, this 
location is underlain by medium dense sand (Nvalue=22) down to 1.0m depth. 
Thereafter, the soil becomes very dense down to 6.0m depth with an interrupting 
medium dense lense (Nvalue=14) at 3.0m to 4.0m depth. 
 
 
 
 
 
 
 
 
 
 
Antenna Tower No.3 and Guy Anchors. Borehole BH-1 for the designated Antenna 
Tower No.3, is underlain by very dense sand from EGL down to 6.0m depth. 
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However, there is an interrupting medium dense lense (Nvalue=11) at 2.0m to 3.0m 
depth. 
 
For the guy anchor at BH-4, the soil is very dense from EGL down to 6.0m depth. In 
BH-2 and BH-3, the soil encountered consists of  medium sand down to 1.0m and 
3.0m depths, respectively. The Nvalues range from 10 to 16 with average Nvalue of 
13. Below this layer, the soil becomes very dense down to the 6.0m depth of the 
boreholes. 

 
 
4.1.2. New Transmitting Building Location 
 
The New Transmitting Building was explored by BH-13 and BH-14.  The proposed 
site is underlain by competent very dense foundation materials (Nvalue >50) at 
shallow depth down to 10m depth. 
 
There is a medium dense sand layer (Nvalue=28) limited in BH-13 down to 1.0m 
depth.  
 
 
4.1.3 Utilities Line  

 
The proposed route for the utilities was explored by nineteen (19) shallow boreholes 
(6.0m depth) namely, BH-15 to 33. The boreholes were drilled at approximate interval 
of 100m.  

 
The results of these boreholes indicate the presence of approximately 1.0m to 1.5m 
thick medium dense sand encountered in BH-15 to 16, in BH-24 to 26, in BH-29 and 
BH-33. There is a loose layer encountered in BH-30 but limited to 1.0m depth below 
EGL. Below these layers the soil is very dense to 6.0m depth.  
 
In BH-17 to 23, 27, 28, 31 and 32, the soil is very dense from EGL down to 6.0m 
depth of boring. 
 
The generalized soil profile along the proposed utilities route is as shown in sheets 5 
to 6 of Appendix C attached to this report. 

 
4.2 Groundwater 
 
Water table was not encountered within the 6m and 10m depth of the boreholes. Thus, 
we do not see the need for any dewatering during the construction phase.  

 
 

 
 
 
 
 
5.   ENGINEERING PROPERTIES OF ON-SITE SOIL 
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A summary of the generalized subsurface soil parameters are presented in Table A 
below which are derived from the analysis of the penetration resistances, soil types 
encountered, laboratory test results and accumulated experience with similar types of 
soil.  
 
 

Table A-1: Generalized Subsurface Profile Parameters-Utilities Line and New Transmitting 
Building 

 

BH Nos. Depth (m) Dry 
Density 
(g/cm2) 

Angle of 
Internal 
Friction 
(degrees)

Cohesion 
(kPa) 

Modulus of 
Deformatio

n 
(MN/m2) 

Soil Types 

1. Utilities Line 

0.5 to 1.0 1.672 31 0 19 SP-SM, BH-15,BH-16 
BH-25,BH-26 
BH-29,BH-33 1.0 to 6.0 1.813 38 0 38 SM,SP-SM,SC 
BH-17,BH-19 
BH-27,BH-28 

BH-32 
0.5 to 6.0 1.850 38 0 38 SP-SM,SM,SP,SC 

0.5 to 5.0 1.854 38 0 38 SP-SM,SM,SP-SC,SWBH-18,BH-20 
BH-22 5.0 to 6.0 1.704 30 0 17 SP-SM,SP 

0.5 to 4.0 1.863 36 0 38 SM,SP-SM 

4.0 to 5.0 1.878 31 0 20 SP-SM,SP 
BH-21 
BH-23 

5.0 to 6.0 1.934 35 0 38 SM,SP-SM 

0.5 to 1.5 1.758 30 0 9 SP-SM 
BH-24 

1.5 to 6.0 1.917 38 0 38 SW,SM 

0.5 to 1.0 1.593 30 0 7 SP-SM 
BH-30 

1.0 to 6.0 1.659 37 0 38 SM,SP-SM 

0.5 to 5.0 1.668 38 0 38 SP-SM,SM,SC 
BH-31 

5.0 to 6.0 1.647 33 0 11 SP 

2. New Transmitting Building 

BH-13 0.5-1.0 1.816 30 0 21 SP-SM 

BH-14 1.0-10.0 1.816 33 0 38 SP-SM,SM,SP-SC,SP

 

The values of modulus of deformation are obtained from the correlated values of Young's modulus with 
SPT number (N) based on: Schmertmann (1970) equation Es (kN/m2) = 766N 
 
 
 
 
 
 
 
 
 
 
Table A-2: Generalized Subsurface Profile Parameters-Antenna Tower  
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BH Nos. Depth (m) Dry 
Density 
(g/cm2) 

Angle of 
Internal 
Friction 
(degrees)

Cohesion 
(kPa) 

Modulus of 
Deformatio

n 
(MN/m2) 

Soil Types 

1. Antenna Tower–1 Base 
0.5 to 1.5 1.742 32 0 11 SP-SM BH-9 

1.5 to 10.0 1.768 34 0 38 SM,SW,SP-SM 
1.1 Antenna Tower–1 Guy Anchors 

BH-10 0.5 to 6.0 1.742 39 0 38 SP-SM,SP-SC 
0.5 to 3.0 1.851 32 0 10 SP-SM 

BH-11 
3.0 to 6.0 1.795 38 0 38 SP-SM,SM 
0.5 to 3.0 1.795 32 0 11 SP-SM 

BH-12 
3.0 to 6.0 1.677 38 0 38 SM,SP-SM 

2. Antenna Tower–2 Base 
0.5 to 1.0 1.761 31 0 15 SM 
1.0 to 2.0 1.801 39 0 38 SM,SP-SM 
2.0 to 3.0 1.761 31 0 14 SP-SM,SM 

BH-5 

3.0 to 10.0 1.801 41 0 38 SM,SP-SM 
2.1 Antenna Tower–2 Guy Anchors 

0.5 to 1.0 1.822 32 0 17 SP-SM 
1.0 to 3.0 1.679 36 0 38 SP-SM,SP 
3.0 to 4.0 1.679 32 0 11 SP 

BH-6 

4.0 to 6.0 1.679 36 0 38 SP-SM 
BH-7 0.5 to 6.0 1.748 39 0 38 SP-SM, SM 

0.5 to 3.0 1.767 32 0 10 SP-SM BH-8 
3.0 to 6.0 1.801 41 0 38 SP-SM,SM 

3. Antenna Tower–3 Base 
0.5 to 2.0 1.746 37 0 38 SC,SP-SM 
2.0 to 3.0 1.812 32 0 8 SP-SM BH-1 

3.0 to 10.0 1.746 37 0 38 SM,SP-SM 
3.1 Antenna Tower–3 Guy Anchors 

0.5 to 1.0 1.662 34 0 12 SP-SM 
1.0 to 5.0 1.702 38 0 38 SP-SM BH-2 
5.0 to 6.0 1.662 34 0 21 SP-SM 
0.5 to 3.0 1.817 32 0 12 SP 
3.0 to 5.0 1.817 38 0 38 SM BH-3 
5.0 to 6.0 1.662 34 0 18 SP 

BH-4 0.5 to 6.0 1.822 39 0 38 SM,SP-SM,SP 

The values of modulus of deformation are obtained from the correlated values of Young's modulus with 
SPT number (N) based on: Schmertmann (1970) equation Es (kN/m2) = 766N 

 
 
 
 
6.   FOUNDATION AND BEARING CAPACITY RECOMMENDATIONS 
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6.1  Bearing Capacity for Isolated Footings  
 

Based on the results of the subsurface soil exploration, shallow isolated footings placed on 
very dense sand formation are recommended for foundation of the proposed structures. 
The underlying very dense sand is a competent foundation material which can be 
mobilized to support the foundations for the proposed New Transmitting Building and 
Antenna Towers. 
 

The recommended bearing capacities and levels of the foundation for the New 
Transmitting Building and Antenna Towers are presented in Table B below. The bearing 
capacity values are evaluated by using Terzaghi & Peck (1948-1967) Chart for isolated 
footings for varying widths of 1.5m, 2.0m and 3.0m constructed at different depths below 
the existing ground level (EGL). The recommended bearing capacities are for maximum 
25mm allowable settlement. The chart of Terzaghi and Peck (1948-1967) is attached to 
this report for reference.  

 

Table B: Bearing Capacity Recommendations for the Site  
 

Allowable Net Bearing 
Capacity (Kg/cm2) 

Width of Foundation (m) 
Proposed Structure Borehole 

Nos. 

Depth of 
Foundation 
below EGL  

(m) 1.5 2.0 3.0 
1.5 3.0 3.0 3.0 Single Storey New 

Transmittting 
Building 

BH-13 & 
BH-14 2.0 and below 3.0 3.0 3.0 

2.0 3.0 3.0 3.0 Antenna Tower - 1 BH-9 
2.5 and below 3.0 3.0 3.0 

2.0 1.7 1.5 1.4 
2.5 2.2 2.1 1.9 Antenna Tower - 2 BH-5 

3.0 and below 3.0 3.0 3.0 
2.5 1.1 1.0 0.9 Antenna Tower - 3 BH-1 

3.0 and below 3.0 3.0 3.0 
 
 

For the Antenna Towers, deep embedment of the foundations may be required for 
stability. This would be beneficial due to the presence of very dense sand materials at 
deeper level with higher bearing capacity. 
 

It is to be ensured that no percolating pits, contaminated or loose soil exist below or near 
the proposed foundation. 

 

To confirm the recommended allowable bearing pressure at the foundation level, it is 
recommended to carry out Plate Load Tests prior to the construction of foundation. 
 

For reference of the bearing pressures at various depths in each borehole location (BH-
1 to BH-33), the values are summarized in Tables 1.1 to 1.8 of this report.  

 
 
 
 
 
6.2 Coefficient of Active and Passive Pressures for Guy Anchors 
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The lateral loads resulting from wind, earth pressure, etc. are resisted by mobilization 
of friction between the guy anchor block and the supporting soil and passive pressure 
of the soil.   
 

A coefficient of friction of 0.40 may be used for cast-in-situ concrete and the soil and 
a value of 0.25 may be used for pre-cast concrete and the soil.  
 

The active and passive pressure coefficients for various depths are given above in 
Table C, below. The values given for dry density and angle of internal friction were 
evaluated from the results of direct shear tests from of borehole samples and 
correlation with the SPT N values. The results of the direct shear tests can be found in 
Tables B3.1 to B3.62 attached to this report. 
 

Table C: Active & Passive Earth Pressure Coefficients  
 

Proposed 
Structure 

Borehole 
Nos. 

Depth (m) Dry 
Density 
(g/cm2) 

Angle of 
Internal 
Friction 
(degrees)

Coefficient of 
Active 

Pressure 
(Ka) 

Coefficient of 
Passive 

Pressure 
(Kp) 

0.5 to 1.5 1.742 32 0.307 3.254 Antenna 
Tower–1 Base BH-9 

1.5 to 10.0 1.768 34 0.283 3.535 
BH-10 0.5 to 6.0 1.742 39 0.227 4.395 

0.5 to 3.0 1.851 32 0.307 3.254 BH-11 3.0 to 6.0 1.795 38 0.238 4.208 
0.5 to 3.0 1.795 32 0.307 3.254 

Guy Anchors 

BH-12 3.0 to 6.0 1.677 38 0.238 4.208 
0.5 to 1.0 1.761 31 0.320 3.124 
1.0 to 2.0 1.801 39 0.227 4.395 
2.0 to 3.0 1.761 31 0.320 3.124 

For Antenna 
Tower-2 Base BH-5 

3.0 to 10.0 1.801 41 0.208 4.816 
0.5 to 1.0 1.822 32 0.307 3.254 
1.0 to 3.0 1.679 36 0.260 3.852 
3.0 to 4.0 1.679 32 0.307 3.254 

BH-6 

4.0 to 6.0 1.679 36 0.260 3.852 
BH-7 0.5 to 6.0 1.748 39 0.227 4.395 

0.5 to 3.0 1.767 32 0.307 3.254 

Guy Anchors 

BH-8 3.0 to 6.0 1.801 41 0.208 4.816 
0.5 to 2.0 1.746 37 0.249 4.023 
2.0 to 3.0 1.812 32 0.307 3.254 

For Antenna 
Tower-3 Base BH-1 

3.0 to 10.0 1.746 37 0.249 4.023 
0.5 to 1.0 1.662 34 0.283 3.535 
1.0 to 5.0 1.702 38 0.238 4.208 BH-2 
5.0 to 6.0 1.662 34 0.283 3.535 
0.5 to 3.0 1.817 32 0.307 3.254 
3.0 to 5.0 1.817 38 0.238 4.208 BH-3 
5.0 to 6.0 1.662 34 0.283 3.535 

Guy Anchors 

BH-4 0.5 to 6.0 1.822 39 0.227 4.395 

 
It is the designer’s responsibility to check the stability of the structures. 
 
 

 

7. EARTHWORK  RECOMMENDATIONS 
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7.1 Excavation 
 

The subsurface soil at the site is composed of very dense sand formation which are 
weathering byproducts of fine sandstone formation prevalent at the site. The presence 
of resistant rock lenses or bands of the weathered fine sandstone should be anticipated 
during the construction phase. The use of excavator equipped with demolition 
hammer should be considered. 

 

7.2 Earthworks 
 

In general terms, any granular soil with non-plastic fine content not exceeding 15% 
can be considered a suitable construction fill material.  Soils with higher fines content 
and containing plastic fines may be difficult to compact as a result of 
swelling/softening when soaked with water. 
Compaction is the cheapest and most widely used method to improve the soil 
properties.  It may be accomplished by excavating some depth, then carefully back-
filling in control lift thickness and compacting the soil with the appropriate 
compaction equipment.  Fills should be placed using compaction control criteria. 
 

Compaction of cohesionless (sand) soil can be accomplished using smooth wheel 
rollers commonly with a vibrating device inside, so the compaction is a combination 
of confinement, pressure and vibration.  Lift depths up to about 0.5 m can be 
compacted with heavy equipment.  In confined spaces, it is necessary to use powered 
hand-operated equipment for compacting the soil.  In this case if density has been 
specified, the lift thickness should not exceed 75 to 100 mm.  Compacting lifts which 
is too thick result in a dense upper crust overlaying un-compacted soil.  This is true 
regardless of the type equipment used on the soil. 
 

Backfill material should meet the requirements of the construction fill with limited 
percentage of fines and good compaction characteristics.  The material used as fill 
under both rigid as well flexible pavements shall be clean, hard, durable sand, gravels 
or crushed stones and free from organic materials, clay balls or other deleterious 
substances.  Its liquid limit and plastic index should not exceed the values of 25 and 6 
respectively as determined by ASTM D-4318-84.  The material shall be placed in 
layers not more than 20 cm thick and compacted to a density of not less than 95 % of 
the maximum dry density. 
 

The tests listed below should be carried out on samples of on site soil taken from the 
full depth range of proposed excavations to determine their suitability as backfill 
material: 
� Sieve Analysis 

� Atterberg Limits Tests 

� Chemical tests to determine sulphate, chloride, and organic matter content of soil 

�  Proctor tests 

�  CBR Tests 

�  Direct Shear box tests 

The parameters determined from above tests should be compared with the values 
stated in the Backfill Material Requirement table given below to determine their 
suitability as backfill material. 
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Table D: Backfill Material Requirement 
 

Sr.No. Soil Properties Minimum 
Requirements  Test Method 

1 Soil Classification A-1-a, A-1-b, A-2-4 AASHTO 145 

2 Material Passing # 200 < 20 % ASTM D 422 

3 Max. Dry Density > 1.95 g/cm3 ASTIM-1557 

4 Liquid Limit < 25 ASTM D 4318 

5 Plastic Index < 6 ASTM D 4318 

6 Swelling < 1 % ASTM D 1883 

7 Soaked CBR Value > 12 AASHTO T 193 
ASTM D 1883 

Prior to placing any fill the filling procedures outlined below should be followed: 
 

� The surface should be scarified and moistened or aerated. 
�  Place and compact fill in equal contiguous layers not exceeding 200mm. 

Thickness. 
�  Employ a placement method that does not displace or damage other work. 
�  Maintain optimum moisture content of fill to attain required compaction 

density.  It is recommended that Field Moisture Content should be within (± 4 
% of O.M.C.). 

�  Water: Brackish water in addition to fresh water may be used if required for 
all earthwork operations.  However, if brackish water is used, Sulphate and 
Chloride should be determined to compare with allowable limits. 

 
Backfilling and making up levels shall be carried out in layers not exceeding thickness 
of 200 mm by compacting each layer using approved compacting plan to achieve 
minimum of 95 percentage of maximum dry density at optimum moisture content 
when tested in accordance with ASTM D 1557 
 
Perform field density tests according to ASTM D 1556 on each layer as per 
Geotechnical Engineer’s instruction. 
 
To maintain stable slopes all slopes in loose to medium dense soil may be sloped at 1 : 
2 (vertical : horizontal) and all slopes in dense to very dense soil may be sloped at 1: 
1.5 (vertical: : horizontal) for natural soil.  All slopes for field compacted soils may be 
sloped at 1:1.5 ( vertical : horizontal) and should be constructed oversized and 
trimmed back to final gradient. 
 
 
It is recommended that all site operations related to earthwork covering removal of 
unsuitable materials, field compaction test programs, re-grading and compaction, and 
construction of bunds, tank pads etc. should be carried out under supervision of an 
independent Geotechnical Engineer.  
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7.3 Slope Stability 
 

In many cases, civil engineers are expected to make calculations to check the safety of 
natural slopes, slopes of excavations and compacted embankments. This check 
involves determining and comparing the shear stress developed along the most likely 
rapture surface with the shear strength of the soil. 
 
The stability analysis of a slope is not an easy task, evaluation of variables such as the 
soil stratification and its in-place shear strength parameters may prove to be a 
formidable task. Seepage through the slope and the choice of a potential slip surface 
add to the complexity of the problem. 
 
Generally, a value of 1.5 for the factor of safety with respect to strength is acceptable 
for the design of a stable slope. 
Therefore, there are two approaches to the analysis of slope stability: 

 

1) Stability of Infinite slopes with and without seepage. 
2) Finite slopes stability. 
 

1.1 The stability of infinite slope without seepage  
 

When pore water pressure is zero, 
           Factor of safety,        FS = (c/γH cos2 β tan β) + (tanǾ/tan β) > 1.5  

 
 

where, 
Ǿ = Angle of friction 
C = Cohesion 
γ = Unit weight of the soil 
β = Angle of the slope with horizontal plane. 

 

For granular soils, C =0, and factor of safety, becomes  
 

                                    FS = (tanǾ/tan β) 
 
and the height H and the slope is stable as lo
                
       Hcr = (C / γ cos2 β (tan β-tan Ǿ

 
Hcr is the critical height (FS=1) where the slope is
 

 
 
 
 
 
 
1.2  Stability of infinite slopes with seepage 
 

For this case, the factor of safety with respect to th
 
 

                 FS = (C/ γsat Hcos2β tanβ) +
 
 

 12
ng as β < Ǿ 

 ) 

 in a state of impending failure  

e strength is 

  (γ' tanǾ/ γsat tan β) 



γ' = dry unit weight (γsat – γw). 
 

2.  Finite Slopes: 
 

 When the value of Hcr approaches the height of the slope, the slope may generally be 
considered finite. The analysis of finite slopes with plane failute surfaces (Culmann’s 
Method) gives the following: 
 
 

           Cd = (γH/4)(1-Cos (β - Ǿd)/sinβ cos Ǿd) 
                                         & 

             Hcr = (4c/γ)[(sinβ cosǾ)/(1-cos(β - Ǿ)] 
 
 

where, 
 

Cd = Cohesion along the potential failure surface 
  Ǿd = Angle of friction along failure plane 

 
8. PERMEABILITY OF SUBSURFACE SOIL 

 

In-situ permeability of the shallow subsurface soil within the vicinity of the 
Transmitting Building was determined by Falling Head Method. Two (2) locations 
were tested near borehole BH-13. The test locations are approximately 3m from the 
edge of the proposed building footprint as shown in the attached Boreholes Location 
Plan. 
 

The test aims to determine the permeability of near-surface soil layers for possible 
siting of the septic vault for the building. Each location was tested at two (2) different 
depths namely, at 1.5m and 3.0m in FHT-1 and at 2.0m and 4.5m in FHT-2. 
 

The test hole was drilled by augering to the required testing level. Upon reaching the 
test depth, an HW casing (4.5” diameter O.D.) was lowered in order to case the hole 
leaving a 0.5m uncased portion at the bottom of the hole. 

 

The HW casing was then filled with water. Readings were made to monitor the fall of 
water level inside the casing at time intervals of 10 sec, 20 sec, 30 sec, 1 min, 2 min, 5 
min, 10 min, 20 min and 30 min  to a 2 hour period. The results are presented in the 
attached Plates A5.1 to A5.4. 

 

The formula for determination of permeability from seepage tests NAVFAC D.M. &.1 
(Sept. 1986) was used in estimating the coefficient of permeability (k). The average 
coefficient of permeability (k) at different depths based on the falling head tests are as 
follows: 
 
 
 
 

Table E.  Field Permeability Test Results 
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Test Location 
Depth 

below EGL
(m) 

Average Coefficient of 
Permeability k, (cm/sec) Soil Type* 

FHT-1 1.5 9.537 x 10-7 Very dense fine to medium  



FHT-2 2.0 3.337 x 10-6 sand with silt with trace 
fine gravels 

FHT-1 3.0 3.177 x 10-5 
FHT-2 4.0 5.394 x 10-5 

Very dense fine silty sand 

*Soil type was based on the results of the nearest borehole (BH-13) results. 
 

The above results show the range of values of coefficient of permeability between 10-7 
to 10-5 cm/s (or 10-9 to 10-7 m/s) which is typical for fine sand-silt mixtures as can be 
noted in Table F below. 

 

Table F. Order-of-magnitude values for permeability k, based on 
description of soil and by the United Classification System, m/s   
 
100                  10-2                            10-5                     10-9                   10-11 

Clean gravel 
GW, GP 

Clean gravel and 
sand  mixtures 

GW, GP, SW, SP 
GM 

Sand-silt 
mixtures  SM, 

SL, SC 

Clays 

 

Some typical values of the order of magnitude for (exponent 10) coefficient of permeability, k 
values for various soils as presented in J. Bowles, Foundation Analysis and Design, 5th Ed, 
1996. 

 
The results also indicate that the silty sand materials from depth of 4.0m in 
FHT-2.0 are more pervious which can serve as guide in deciding the depth of 
the septic tank for the building. 

 
 
9 CHEMICAL ANALYSIS 
 

Various chemical tests were performed on soil samples selected from various depths 
of the boreholes. All the chemical tests were conducted in accordance with BS 1377: 
Part 3: 1990.  
 
The results of tests on selected soil samples are summarized in Tables G below 
together with the required limits in accordance with the ACI Manual of Concrete 
Practice (2005), Part 3 and Part 4.  
 
 
 
 
 
 
 

 
 
Table G. Results of Chemical Tests on Selected Soil Samples and Requirements For 
Concrete Exposed To Sulfate-Containing Solutions(Table 4.3.1 of ACI 350 ACI 
Manual of Concrete Practice 2005, Part 4) 
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Results of Chemical Tests on soil samples Requirements For Concrete Exposed To Sulfate-
Containing Solutions (from Table 4.3.1 of ACI 350) 

 
BH No 

Depth 
of 

sample 
(m) 

pH 
Value 

Results of 
Tests, 

Water soluble 
Chloride (Cl) 

 in Soil, % 

Results of 
Tests, 

Water soluble 
sulphate 

(SO4) in Soil, 
% 

Limit of Water 
soluble 

sulphate (SO4) 
in Soil, % by 

weight. 

Sulphate 
Exposure 

Cement 
Type 

Maximum 
water-

cementitious 
material 
ratio, by 
weight, 
normal 
weight 

concrete 

Minimum  
f ć normal 
weight & 

lightweight 
concrete 

(psi) 

1.5 7.98 0.0113 0.3186 0.20 to 2.00 Severe V 0.40 5000 BH-1 5.0 8.38 0.0113 0.2104 0.20 to 2.00 Severe V 0.40 5000 
2.5 8.92 0.0141 0.0062 0.00 to 0.10 Negligible - 0.45 - BH-2 6.0 9.18 0.0056 0.0303 0.00 to 0.10 Negligible - 0.45 - 
2.0 8.98 0.0028 0.0085 0.00 to 0.10 Negligible - 0.45 - BH-3 4.0 4.0 0.0141 0.5142 0.20 to 2.00 Severe V 0.40 5000 
1.0 7.98 0.0113 0.4576 0.20 to 2.00 Severe V 0.40 5000 BH-4 2.5 8.19 0.0056 0.4475 0.20 to 2.00 Severe V 0.40 5000 
2.0 8.18 0.0113 0.0467 0.00 to 0.10 Negligible - 0.45 - BH-5 8.0 9.03 0.0028 0.0293 0.00 to 0.10 Negligible - 0.45 - 
1.0 7.98 0.0085 0.0187 0.00 to 0.10 Negligible - 0.45 - BH-6 4.0 8.06 0.0056 0.3536 0.20 to 2.00 Severe V 0.40 5000 
0.5 8.15 0.0113 0.0648 0.00 to 0.10 Negligible - 0.45 - BH-7 2.5 8.47 0.0056 0.0260 0.00 to 0.10 Negligible - 0.45 - 
3.0 8.04 0.0113 0.3944 0.20 to 2.00 Severe V 0.40 5000 BH-8 6.0 8.98 0.0113 0.0487 0.00 to 0.10 Negligible - 0.45 - 
4.0 8.57 0.0085 0.3213 0.20 to 2.00 Severe V 0.40 5000 BH-9 8.0 8.49 0.0085 0.1215 0.10 to 0.20 Moderate II 0.42 4500 
2.0 8.04 0.0595 0.0395 0.00 to 0.10 Negligible - 0.45 - BH-10 3.0 8.14 0.0425 0.1791 0.10 to 0.20 Moderate II 0.42 4500 
0.5 8.54 0.0056 0.0342 0.00 to 0.10 Negligible - 0.45 - BH-11 2.5 8.72 0.0113 0.3901 0.00 to 0.10 Negligible - 0.45 - 
1.0 8.57 0.0056 0.0668 0.00 to 0.10 Negligible - 0.45 - BH-12 2.5 8.64 0.0085 0.0253 0.00 to 0.10 Negligible - 0.45 - 
2.5 8.04 0.0170 0.5100 0.20 to 2.00 Severe V 0.40 5000 BH-13 5.0 8.46 0.0113 0.0428 0.00 to 0.10 Negligible - 0.45 - 
0.5 7.98 0.0387 0.0184 0.00 to 0.10 Negligible - 0.45 - BH-14 9.0 9.56 0.0368 0.1069 0.10 to 0.20 Moderate II 0.42 4500 
1.0 9.05 0.1248 0.5504 0.20 to 2.00 Severe V 0.40 5000 BH-15 4.0 8.42 0.1106 0.0566 0.00 to 0.10 Negligible - 0.45 - 
2.0 8.47 0.0055 0.0355 0.00 to 0.10 Negligible - 0.45 - BH-16 6.0 8.64 0.0056 0.0167 0.00 to 0.10 Negligible - 0.45 - 
1.5 8.68 0.0538 0.0421 0.00 to 0.10 Negligible - 0.45 - BH-17 6.0 9.43 0.0141 0.0536 0.00 to 0.10 Negligible - 0.45 - 
3.0 9.16 0.0113 0.0325 0.00 to 0.10 Negligible - 0.45 - BH-18 5.0 9.48 0.0056 0.0292 0.00 to 0.10 Negligible - 0.45 - 
2.5 8.22 0.0425 0.1639 0.10 to 0.20 Moderate II 0.42 4500 BH-19 3.0 9.72 0.0212 0.0411 0.00 to 0.10 Negligible - 0.45 - 
0.5 8.24 0.0340 0.0681 0.00 to 0.10 Negligible - 0.45 - BH-20 6.0 8.98 0.0212 0.1063 0.10 to 0.20 Moderate II 0.42 4500 

Results of Chemical Tests on soil samples 
 

Requirements For Concrete Exposed To Sulfate-Containing 
Solutions (from Table 4.3.1 of ACI 350) 

 
BH No 

Depth 
of 

sample 
(m) 

pH 
Value 

Results of 
Tests, 

Water soluble 
Chloride (Cl) 

 in Soil, % 

Results of 
Tests, 

Water soluble 
sulphate 

(SO4) in Soil, 
% 

Limit of Water 
soluble 

sulphate (SO4) 
in Soil, % by 

weight. 

Sulphate 
Exposure 

Cement 
Type 

Maximum 
water-

cementitious 
material 
ratio, by 
weight, 

Minimum  
f ć normal 
weight & 

lightweight 
concrete 

(psi) 
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normal 
weight 

concrete 
1.5 8.42 0.0113 0.0348 0.00 to 0.10 Negligible - 0.45 - BH-21 3.0 8.69 0.0085 0.0260 0.00 to 0.10 Negligible - 0.45 - 
2.5 9.45 0.0113 0.0237 0.00 to 0.10 Negligible - 0.45 - BH-22 5.0 10.02 0.0085 0.0161 0.00 to 0.10 Negligible - 0.45 - 
3.0 8.28 0.0170 0.0990 0.10 to 0.20 Moderate II 0.42 4500 BH-23 6.0 8.36 0.0056 0.1001 0.10 to 0.20 Moderate II 0.42 4500 
1.0 8.57 0.0113 0.0135 0.00 to 0.10 Negligible - 0.45 - BH-24 4.0 9.08 0.0056 0.0177 0.00 to 0.10 Negligible - 0.45 - 
2.0 8.18 0.0312 0.1899 0.10 to 0.20 Moderate II 0.42 4500 BH-25 5.0 8.91 0.0283 0.0958 0.10 to 0.20 Moderate II 0.42 4500 
1.5 8.42 0.0170 0.0451 0.00 to 0.10 Negligible - 0.45 - BH-26 3.0 8.59 0.0198 0.0378 0.00 to 0.10 Negligible - 0.45 - 
1.0 9.12 0.0368 0.0467 0.00 to 0.10 Negligible - 0.45 - BH-27 4.0 8.64 0.0226 0.1306 0.10 to 0.20 Moderate II 0.42 4500 
2.5 8.15 0.0255 0.2423 0.20 to 2.00 Severe V 0.40 5000 BH-28 6.0 8.91 0.0368 0.0747 0.00 to 0.10 Negligible - 0.45 - 
2.5 8.14 0.0141 0.3605 0.20 to 2.00 Severe V 0.40 5000 BH-29 6.0 8.56 0.0085 0.0747 0.00 to 0.10 Negligible - 0.45 - 
1.0 8.28 0.0368 0.4480 0.20 to 2.00 Severe V 0.40 5000 BH-30 2.0 8.43 0.0368 0.4266 0.20 to 2.00 Severe V 0.40 5000 
2.0 8.24 0.0567 0.3776 0.20 to 2.00 Severe V 0.40 5000 BH-31 4.0 8.45 0.0624 0.3423 0.20 to 2.00 Severe V 0.40 5000 
2.5 8.36 0.0283 0.3660 0.20 to 2.00 Severe V 0.40 5000 BH-32 5.0 8.39 0.0113 0.4908 0.20 to 2.00 Severe V 0.40 5000 
3.0 7.95 0.0453 0.4536 0.20 to 2.00 Severe V 0.40 5000 BH-33 6.0 8.34 0.0425 0.4721 0.20 to 2.00 Severe V 0.40 5000 

The minimum concrete strength and maximum water cementitious material ratio should be based on both ACI 350, 
Tables 4.3.1 and 4.2.2. When both these tables are considered, the lowest applicable maximum water cementitious 
material ratio and highest applicable minimum f ć shall be used. 

 
The summary of the results are appended in Plates B4.1 to B4.5 of this report. 
 
9.1     Protection from Sulphates 

 
To decide on the suitable type of cement against the severity of sulphate attack by the 
in-situ soil, reference should be made to Table H below. This is Table 4.3.1 of ACI 
350, Requirements for Concrete Exposed to Sulphate-containing Solutions from ACI 
Manual of Concrete Practice (2005) Part 4. 
 
 
 
 
 
 
 
Table H Requirements For Concrete Exposed To Sulfate-Containing Solutions 

(as per Table 4.3.1, ACI 350, ACI Manual of Concrete Practice, 2005 Part 4) 
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Sulphate 
Exposure 

Water soluble 
sulphate 

(SO4) in Soil, 
% by weight. 

Sulphate (SO4) 
in Water, ppm 

 
 

Cement  
Type 

Maximum 
water-

cementitious 
materials 
ratio, by 

weight normal-
weight 

concrete 

Minimum, f ć* 
normal-weight 

and light-weight 
concrete  

 (psi) 

Negligible 0.00 to 0.10 0 to 150 - 0.45 - 

Moderate 0.10 to 0.20 150 to 1500 
II, IP(MS), 

IS(MS), 
I(PM)(MS), 
I(SM)(MS) 

0.42 4500 

Severe 0.20 to 2.00 1500 to 10,000 V 0.40 5000 
Very 

severe Over 2.00 Over 10,000 V plus 
pozzolan 0.40 5000 

                

* f ć = specified compressive strength of concrete.  A lower water cementations material ratio or 
higher strength may be required for corrosion protection for concrete exposed to Chlorides  
(ACI Table 4.2.2). 
 

9.2     Protection from Chlorides 
 
For corrosion to be initiated, there has to be certain minimum concentration of 
chloride-ions at the surface of the steel. However, according to ACI 318, Table 4.4.1  
the maximum chloride-ion content of reinforced concrete is limited to 0.15 percent by 
weight of cement.  
 
Therefore, prevention of corrosion lies in controlling the ingress of chlorides by the 
thickness of cover to reinforcement and by the penetrability of the concrete in the 
cover.  
 
For concrete protection of reinforcement, ACI Code 350 Section 7.7 must be 
followed. The concrete to be used for containing steel reinforcement should have the 
following characteristics:- 

 

1) The minimum concrete cover (to the reinforcement) for foundation should be 3 
inches (7.5cm)  as per  requirement of ACI 350 Section 7.7. 

 

2) Painting at least 3 coats of bituminous material is recommended. 
 

The minimum concrete strength and maximum water cementitious material ratio 
should be based on both ACI 350, Tables 4.3.1 and 4.2.2. When both these tables are 
considered, the lowest applicable maximum water cementitious material ratio and 
highest applicable minimum f ć shall be used. 
 
 
 
 
 
Effect of Chloride content in the concrete: 
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To protect the steel reinforcement from corrosion, the amount of Chloride in the 
concrete must be controlled. The chloride contents which are allowed in different 
types of reinforced concrete are given in ACI 318, Table 4.4.1. 
 
Table I : Maximum Chloride Ion Content for Corrosion Protection of Reinforcement. 
(Table 4.4.1, ACI 318, ACI Manual of Concrete Practice, 2005 Part 3) 

 

Sl. 
No. Type of Member 

Maximum water soluble 
chloride ion (Cl-) in 
concrete, percent by 

weight of cement 
1 Prestressed concrete 0.06 

2 Reinforced concrete exposed to Chloride in 
service 0.15 

3 Reinforced concrete that will be dry or 
protected from moisture in service 1.00 

4 Other reinforced concrete construction 0.30 
 
 
The results of chemical tests showed the presence of chloride in soil. The chloride 
present in the soil will cause reinforcement corrosion if chloride ingress occurs. 
Therefore, the concrete with reinforcement exposed to such conditions should follow 
the requirements given in ACI 350, Table 4.2.2 (ACI Manual of Concrete Practice, 
2005 Part 4) 

 
TableJ: Requirement for Special Exposure Conditions  
(as per Table 4.2.2, ACI 350, ACI Manual of Concrete Practice, 2005 Part 4) 

 

Sl. 
No. Exposure Condition 

Maximum water-
cementitious 

materials ratio, by 
weight, normal 
weight concrete 

Minimum fc’,  
psi 

1 Concrete intended to have low permeability when 
exposed to water. 

               0.45          4000 
 

2 Concrete exposed to freezing and thawing in a moist 
conditions or to deicing chemicals. 

0.42 4500 
 

3 For corrosion protection of reinforcement in concrete 
exposed to chlorides from deicing chemicals, salt, salt 
water, brackish water, seawater, or spray from these 
sources. 

0.40 5000 
 

f ć = specified compressive strength of concrete. 
The minimum concrete strength and maximum water cementitious material ratio should be based on both ACI 
350, Tables 4.3.1 and 4.2.2. When both these tables are considered, the lowest applicable maximum water 
cementitious material ratio and highest applicable minimum f ć shall be used. 

 
 
 
 
10 MPW GENERAL NOTES AND RECOMMENDATIONS 

 
10.1       M.P.W General Notes 
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10.1.1    This report is based on the results of boreholes sunk only. 
 
10.1.2  The number, location, depth and level of the boreholes and the type of tests are 

the responsibility of the Designer. 
 
10.1.3 The calculation of the bearing pressures of the soil are based on Terzaghi   and 

Peck (1948 and 1967) on the assumption that: 
 

a)   The width of foundation is 1.5m, 2.0m and 3.0m. 
b)   The maximum allowable settlement is 2.5cm.  
c)  The effect of the ground water is ignored, as suggested by Meyerhof (1965) 
 

10.1.4 Should any of the assumption differ from the actual field conditions the 
Designer should calculate his own values using the appropriate method and 
the given SPT values. 

 
10.1.5 The level of the ground water, observed is just after completion of the 

borehole, unless otherwise mentioned. This water level may be considered 
approximate only. For determining the correct water level, open pits or 
observation wells are to be made.   

 
10.2 M.P.W Recommendations 

 
10.2.1 All foundations should preferably be placed on sound natural ground and 

compacted if necessary. If the foundation is on compacted fill, degree of 
compaction attained should be satisfactory. 

10.2.2 In case of a demolished building site, the following precautions should be 
observed.    

 

a)  The level of the new foundation should be below that of the old one, below 
the disturbed soil. 

b) It is to be ensured that no percolating pit, cesspool, old contaminated or 
loose soil exists below or near the proposed foundation. 

 
10.2.3 In case no pressure for a particular depth is recommended by this stratum or 

the recommended bearing pressure of a lower stratum is less than that of the 
upper one, the allowable bearing capacity at the proposed foundation level 
should be determined by the Designer, at his own cost from a study of the 
stress distribution beneath the foundation. 

 
10.2.4 In order to limit the differential settlement of the footings, the following 

measures may be taken:   
a)   Pressure on all ground bearings should be equal, as far as practicable. 
b)   The foundation level of all parts of the building should be same. 
 

10.2.5 Cuttings, if any to be made, should have a clear distance from nearest footing 
equal to at least two times the depth from the initial footing in that of the 
cutting, otherwise special measures have to be taken to protect the foundation. 
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10.2.6 The Designer is expected to be familiar with the requirements of the recent 
British Standards, relevant ASTM and ACI Codes and the Kuwait MPW 
General Specification. 

 
10.2.7 As mentioned above, this report represents boreholes sunk only.  The site 

should be inspected by the Design Engineer after the excavation is over. In 
case different soil conditions than reported are found, the laboratory must be 
notified immediately, otherwise it will assume no responsibility for any 
consequence. 

 
10.2.8 It is recommended to use sulphate resisting cement in all sub-construction or 

as recommended in BS 8004. 
 

11    INCO-LAB General Notes and Limitations 
 

A sanitary landfill is a technical name for a garbage dump. Garbage dumps may 
include old bedding, auto parts, demolition and construction refuse, broke-up 
pavements, metal cans, tires as well as smaller materials. It may also contain organic 
materials such as peat. As the refuse decays, the surface may become uneven or the 
underlying material may cavity, depending on the rapidity of action, garbage 
materials, and thickness of fill cover. 
 
In using a landfill for construction, it may be extremely difficult to avoid settlements 
as the refuse decomposes and/or consolidates. Hence, there is no conclusive method 
of predicting settlement on a sanitary landfill. The forgoing opinion is presented in the 
Foundation Analysis and Design book by Joseph E. Bowles, 4th Edition.  
 
In addition to that, MPW Recommendations state that "it is to be ensured that no 
percolating pit, cesspool, old contaminated or loose soil exists below or near the 
proposed foundation". 
 

Therefore, and according to the above, we strongly recommend the removal of all 
sanitary fill (if encountered) prior to the placement of the foundation. 
 
It is essential to note that the recommendations forming part of this report are based on 
the analysis of the data collected from the test borings and as such are only 
representative of the soil conditions at specific locations, times, and depths penetrated.  
They should not be treated as necessarily indicative of possible subsurface variability 
prevailing between the boring locations.  In case subsurface conditions during or prior 
to construction by any means  are indicative of conditions contrary to what has been 
noted and reported herein, the recommendations contained herein would require re-
evaluation. 
 
 
 
 
 
This report has been prepared solely for the purpose of assisting the architect/engineer 
in the design evaluation of the proposed project.  Therefore, it may not contain 
sufficient data, or proper information to serve as the basis for preparation of 
construction cost estimates.  A contractor wishing to bid on this project is urged to 
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consult a competent geotechnical engineer to assist in the interpretation of this report 
and/or in the performance of additional site-specific exploration for bid estimating 
purposes. 
 
The owner/client should be aware that unanticipated soil/rock conditions are 
commonly encountered. Unforeseen subsurface conditions, such as perched ground 
water, soft deposits, hard layers, or cavities, may occur in localized areas and may 
require probing or corrections in the field (which may result in construction delays) to 
attain a properly constructed project.  Therefore, this contingency should be fully 
considered in the project. 
 
The following Tables and Appendices are attached and complete this report: 
 
CHART 

 
1 Terzaghi & Peck (1948 & 1967) Chart for    

Isolated Footings of 1.5m, 2.0m and 3.0m widths 
and maximum settlement of 25mm (1”) 
constructed at different depths below the existing 
ground level (EGL). 

 
 

TABLES 
 
1.1 to 1.8 - Net Allowable Bearing Capacity Results  

 
  
 APPENDICES 

  
A  - Field Activities  

            B  - Laboratory  Testing 
C   - Borehole Locations Plan and Soil Profiles 

 
 
Respectfully Submitted, 
INCO - LAB 
 
 

 
 
 
 
 
 
 

 
 

APPENDIX – A 
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FIELD ACTIVITIES 
 
 
 
1.  GENERAL 
 

Field investigations were carried out on  19th to 22nd April 2007 and on 29th 
April to 5th May 2007. Five (5) boreholes were drilled to 10.0m depth and 
twenty eight (28) boreholes were drilled to 6.0m depth. Standard Penetration 
Tests (SPT) were performed at 0.5m interval to 3.0m depth, thereafter at 1.0m 
interval to the final depth of boring. Undisturbed samples using Dames and 
Moore sampler were also collected from selected depths for direct shear tests. 
 

2.      Drilling & Sampling 
 

Drilling was carried out using augering techniques with a 100 mm diameter 
auger. Standard penetration tests (SPT) were carried out at regular intervals and 
disturbed samples were obtained for soil classification. The SPT samplers are 
driven using a 140 1b (63.5 kg) hammer falling freely through a vertical height 
of 30 inches (0.76m) and the number of blows required to drive the sampler 
through three successive increments of 150mm lengths were recorded on the log 
of borings. The N-30 values are calculated as the total number of blows for the 
last 30cm of penetration. The soils encountered were classified in accordance 
with the ASTM D 2487-90, Plate A1. 

 

The key to log of boring is presented on Plate A2 and edited log of borings are 
presented on Plates A3.1 to A3.33. 
 

3 In-Situ Falling Head Test 
 

In-situ permeability of the subsurface soil was determined by Falling Head Test. 
The test was conducted within the vicinity of the proposed New Transmiting 
Building as shown in the attached boreholes location plan. The results are 
presented in Plates A4.1 to A4.2.2).                      
 
The following Plates are attached and complete this Appendix: 
 
PLATE   DESCRIPTION 
 
A1   - Revised Unified Soil Classification System  
      ASTM D 2487-90 
 

A2   - Key to Log of Boring 
 

A3.1 to A3.33 - Log of Boring  
 

A4.1 to A4.2.2 - Falling Head Test Results 
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APPENDIX – B 
 

LABORATORY TESTING 
 
1  General 
 

Physical and chemical tests were performed on selected samples collected 
during the field investigation phase of this project. A brief description of the 
physical and chemical tests performed are given here under. 

 
2 Physical Test 
 

Various physical tests were performed to verify the field classification and to 
estimate the index and properties of subsurface materials. All tests were 
conducted in accordance with the current applicable ASTM/BS Standards. 
Results of the tests were summarized and presented herein. 

 
2.1  Particle Size Distribution by Sieve Analysis  
 
The gradation tests were performed on selected soil sample in accordance with 
ASTM D-422. The results were used to verify visual classifications. The 
results are given in Plate B1.1 to B1.33. 

 
2.2  Moisture Content 
 
Moisture Content on selected soil samples were determined in accordance with 
ASTM D-422. The results of the tests are given in Plate No. B1.1 to B1.33 
along with the Sieve Analysis results. 

 
2.3  Atterberg Limits 
 
Atterberg limits (Liquid Limit, Plastic Limit and Plasticity Index) were 
performed on fine grained soil samples passing sieve 0.425mm according to 
ASTM Standard D 4318-84. 
 
Liquid limits, plastic limits and plasticity index of soil samples were 
determined for estimating the natural soil consistency. These factors were used 
for ascertaining the classification of soils. The results of these tests are 
presented on Plate B2.1 to B2.27. 

  
  2.4  Direct Shear Tests 

 

Direct shear box test were carried out on undisturbed samples recovered from 
the borings to determine the inter particle friction angle of the soils. Prior to 
shearing the test specimens, the soil is compacted into the shear box with 
original natural density determined from the undisturbed Dames and Moore 
samples. The rates of shearing used are 0.5mm/min. 

 

The test procedure followed was ASTM Standard D 3080-90. 
 

The results of the direct shear tests are shown on Plate B3.1 to B3.62. It should 
be noted that the shear stress versus normal pressure relationships were 



developed based on the residual shear stress values. These values are normally 
obtained at a horizontal displacement of 5mm to 7.5mm. 
 
2.5 Bulk Dry Density  
 
Bulk and Dry Density of soil samples recovered by D & M samplers were 
determined in accordance with ASTM - D 3080-90. The results of the tests are 
given in Plate No. B3.1 to B3.62 along with the direct shear test results.  

 
3  CHEMICAL TEST  
 

Various chemical tests were performed on selected soil samples recovered 
during the field investigation of this project. All tests were conducted in 
general in accordance with British Standard 1377: Part 3: 1990 and Standard 
Methods. Test results are presented on Plate B4.1 & B4.5 

 
The following plates are attached and complete this Appendix. 
 
Plate    Description 
 
 

B1.1 to B1.33   :  Particles Size Analysis & Moisture Content. 
B2.1 to B2.27   : Liquid Limit, Plastic Limit and Plasticity Index. 
B3.1 to B3.62  : Direct Shear Test Results & Bulk and Dry Density  
B4.1 & B4.5  : Chemical Test Results 
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ATTACHMENT J.4 
SCHEDULE OF DELIVERABLES 

TUNING SHELTER CONSTRUCTION CONTRACT 
  

 
 
 

NO. 

 
DESCRIPTION OF 

DELIVERABLE 

 
DATE REQUIRED 

(IN CALENDAR DAYS) 

 
NUMBER OF COPIES  
AND/OR LOCATION 

LOCATION 
IN THE 

CONTRACT 
 
1. 

 
Proof of Insurance 

 
14 Days after Contract Award 

1 Copy to Contracting Officer  
H.2 

 
2. 

 
Kick-off Meeting 

14 Days after NTP (Notice to 
Proceed) 

 
On Site 

 
C.2.1.2 

 
3. 

Preliminary Design Review 
Meeting 

7 Days after Receipt of IBB 
Comments on the 50% Design 

 
Headquarters (HQ) 

 
C.2.1.3 

 
4. 

 
Pre-Construction Meeting 

 
15 Days before Mobilization  

 
On Site 

 
C.2.1.4 

 
5. 

 
Safety Plan 

Prior to 
Pre-Construction Conference 

3 Copies (HQ); 
1 Copy (Site) 

 
H.5 

 
6. 

 
Construction Submittals 

Prior to Submission of  
Final Design 

3 Copies (HQ); 
1 Copy (Site) 

 
C.2.1.7 

 
 
 
 
 
 
7. 

 
 
 
 
Preliminary (50%) Construction 
Drawings, Design Calculations, 
and Related Documentation 

 
 
 
 
 
 
Prior to 100% Submission  

3 Half-size Sets of Drawings and 
all other Documentation (HQ and 
Site).   
Electronic versions of AutoCad 
drawings and other documents 
shall also be furnished via email 
(HQ and Site). 

 
 
 
 
 
 
C.2.2 

 
 
 
 
 
 
8. 

 
 
 
 
100% Construction Drawings, 
Design Calculations, and Related 
Documentation 

 
 
 
 
 
 
Prior to Final Submission 

3 Half-size Sets of Drawings and 
all other Documentation (HQ and 
Site).   
Electronic versions of AutoCad 
drawings and other documents 
shall also be furnished via  email 
(HQ and Site). 

 
 
 
 
 
 
C.2.2 

 
 
 
 
 
 
9. 

 
 
 
 
Final Construction Drawings, 
Design Calculations, and Related 
Documentation 

 
 
 
 
 
15 Days Prior to Commencing 
Construction 

1 Full-size and 3 Half-size Sets of 
Drawings and all other 
Documentation (HQ and Site);   
Electronic versions of AutoCad 
drawings and other documents 
shall also be furnished via  email 
(HQ and Site). 

 
 
 
 
 
 
C.2.2 

 
10. 

Beneficial Occupancy of 
Equipment Shelters Interiors  

 
 150 Days after NTP 

 
On Site 

 
F.2 

 
 
 
11. 

Government Acceptance of 
Equipment Shelters, Transmission 
Line Installation, and all Other 
Work 

 
 
 
 180 Days after NTP 

 
 
 
On Site 

 
 
 
E.4, F.2 

 
 
12. 

 
 
As-Built Drawings 

 
30 Days After Government 
Acceptance 

2 Full-size Sets of Drawings,  and 
1 CD-ROM  of AutoCad Files 
(both HQ and Site) 

 
 
C.2.2(d); F.5 

 

































































































 

www.kintronic.com 

 
 
 

January 17, 2008 
 
 

IBB Kuwait Tower Building Material 
List 

 
 

  Central Tuning House 
 

Ground Wand: 
 

ITEM QTY:            MATERIAL: 
 

3 Wand 
2                                          EMT Connectors 
6                                          Elbows (90deg) 
15                                          Lugs 
1                                          EMT Union Coupling 
3                                          Alligator Clips 
130’                                       Wire (#12 or #14 Gauge)(Double Count) 
6                                          ½” x 10’ Conduit 
 
 

Intrusion Detector 
 

ITEM QTY:            MATERIAL: 
 

1                                         Detector 
2                                         EMT Connectors 
2                                        Elbows (90deg)                                       
20’                                        Wire (#12 or #14 Gauge)(Single Count) 
2                                            ½” x 10’ Conduit 
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Arc Detectors 

 
ITEM QTY:            MATERIAL: 

 
4 Detectors 
8                                             EMT Connectors 
10                                           Elbows (90deg) 
3                                             EMT Union Coupling 
25’, 35’, 25’, 35’                    Wire (#12 or #14 Gauge)(Single Count) 
12 ½” x 10’ Conduit 

 
Door Interlock 

 
 

ITEM QTY:            MATERIAL: 
 

1                                             Interlock Detector System 
2                                             EMT Connectors 
3                                             Elbows (90deg) 
15’                                          Wire (#12 or #14 Gauge)(Single Count) 
1                                           ½” x 10’ Conduit 

 
AC Receptacles 

 
 

ITEM QTY:            MATERIAL: 
 

2                                            Receptacles (GFCI) 
4                                            EMT Connectors 
4                                             Elbows (90deg) 
2                                             Electrical Boxes 
15’                                         Wire (#12 or #14 Gauge)(Single Count) 
2                                          ¾” x 10’ Conduit 
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Smoke Detectors 

 
 

ITEM QTY:            MATERIAL: 
 

2                                             Fire/Smoke Detectors 
4                                             EMT Connectors 
4                                             Elbows (90deg) 
25’, 35’                                  Wire (#12 or #14 Gauge)(Single Count) 
6                                          ½” x 10’ Conduit 

 
Data/Media Feed from XTMR 

 
 

ITEM QTY:            MATERIAL: 
 
1                                             EMT Connectors 
3                                             Elbows (90deg) 
25’                                         Cable (Single Count) 
2                                             2” x 10’ Conduit 

 
 

Data/Media Feed from TWR 1 
 
 

ITEM QTY:            MATERIAL: 
 

1                                            EMT Connectors 
6                                            Elbows (90deg) 
6                                            EMT Union Coupling 
125’                                       Cable (Single Count) 
9 2” x 10’ Conduit 
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Data/Media Feed from TWR 3 

 
 

ITEM QTY:            MATERIAL: 
 

1                                            EMT Connectors 
4                                            Elbows (90deg) 
2                                            EMT Union Coupling 
45’                                       Cable (Single Count) 
5                                           2” x 10’ Conduit 

 
 

AC TWR 3 Feed 
 

 
ITEM QTY:            MATERIAL: 
 

1                                            EMT Connectors 
4                                            Elbows (90deg) 
2                                            EMT Union Coupling 
50’                                       Wire (#12 or #14 Gauge) (Single Count) 
5                                            ¾” x 10’ Conduit 

 
 

AC TWR 1 Feed 
 

 
ITEM QTY:            MATERIAL: 
 

1                                            EMT Connectors 
6                                            Elbows (90deg) 
6                                            EMT Union Coupling 
100’                                       Wire (#12 or #14 Gauge) (Single Count) 
9 ¾” x 10’ Conduit 
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AC Feed from XTMR 

 
 

ITEM QTY:            MATERIAL: 
 

1                                            EMT Connectors 
2                                            Elbows (90deg) 
12’                                       Wire (#12 or #14 Gauge) (Single Count) 
1 ¾” x 10’ Conduit 

 
AC Lights & Switches 

 
 

ITEM QTY:            MATERIAL: 
 

10                                          EMT Connectors 
8                                            Elbows (90deg) 
4                                            EMT ‘T’ Connector 
20’                                       Wire (#12 or #14 Gauge) (Single Count) 
     From Switch to Access Area Light 
60’         Wire (#12 or #14 Gauge)(Single Count) 
     From Breaker Box to Switches(2) 
55’         Wire (#12 or #14 Gauge)(Single Count) 
     From Switch to Far Lights 
15’          Wire (#12 or #14 Gauge)(Single Count) 

Spliced off of 1st Light to Light over Filter 
Boxes 

14                                            ¾” x 10’ Conduit   
2                                              Switches 
5                                              Electrical Boxes (Oval) 
5                                              Light Setups 
2                                              Switch Boxes 
 

Sample Line 
 

Already Pre-Determined 
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           Kuwait Tower #3 

 
Ground Wand: 

 
ITEM QTY:            MATERIAL: 

 
2                                           Wand 
1                                           EMT Connectors 
3                                           Elbows (90deg) 
?                                            Lugs 
2                                           Alligator Clips 
80’                                        Wire (#12 or #14 Gauge)(Double Count) 
3                                            ½” x 10’ Conduit 
 
 

Intrusion Detector 
 

ITEM QTY:            MATERIAL: 
 

1                                           Detector 
2                                           EMT Connectors 
1                                           Elbows (90deg)                                       
14’                                        Wire (#12 or #14 Gauge)(Single Count) 
1 ½” x 10’ Conduit 

 
Smoke Detectors 

 
 

ITEM QTY:            MATERIAL: 
 

2                                             Fire/Smoke Detectors 
1                                             EMT Union Coupling 
4                                             EMT Connectors 
4                                             Elbows (90deg) 
40’                                        Wire (#12 or #14 Gauge)(Single Count) 
5  ½” x 10’ Conduit 
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Arc Detectors 
 
 

ITEM QTY:            MATERIAL: 
 

2                                             Arc Detectors 
4                                             EMT Connectors 
4                                             Elbows (90deg) 
1                                             EMT Union Coupling 
25’, 28’                                  Wire (#12 or #14 Gauge)(Single Count) 
5                                             ½” x 10’ Conduit 

 
Door Interlock 

 
 

ITEM QTY:            MATERIAL: 
 

1                                             Interlock System 
2                                             EMT Connectors 
3                                             Elbows (90deg) 
18’                                        Wire (#12 or #14 Gauge)(Single Count) 
2 ½” x 10’ Conduit 

 
 

AC Lights & Switches 
 

 
ITEM QTY:            MATERIAL: 
 

7                                           EMT Connectors 
2                                            Elbows (90deg) 
1                                            EMT ‘T’ Connector 
25’, 30’                                 Wire (#12 or #14 Gauge) (Single Count) 
4                                            ¾” x 10’ Conduit   
1                                            Switches 
3                                            Electrical Boxes (Oval) 
3                                            Light Setups 
1                                            Switch Boxes 
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AC Receptacles 
 
 

ITEM QTY:            MATERIAL: 
 

2                                            Receptacles (GFCI) 
4                                            EMT Connectors 
6                                             Elbows (90deg) 
2                                             Electrical Boxes 
14’, 30’                                  Wire (#12 or #14 Gauge)(Single Count) 

                         4                                             ¾” x 10’ Conduit 
 

AC Main Feed 
 
 

ITEM QTY:            MATERIAL: 
 

1                                            EMT Connectors 
2                                             Elbows (90deg) 
25’                                         Wire (#12 or #14 Gauge)(Single Count) 

                         2                                             ¾” x 10’ Conduit 
 

Media / Data Feed 
 
 

ITEM QTY:            MATERIAL: 
 

1                                            EMT Union Coupling 
1                                            EMT Connectors 
4                                             Elbows (90deg) 
45’                                         Cable (Single Count) 

                        5                                            2” x 10’ Conduit 
 

Sample Line 
 

Already Pre-Determined 
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** 2 Distribution Panels:  24”W X 36”L X 8”D ** 
 

 
           Kuwait Tower #1 

 
Ground Wand: 

 
ITEM QTY:            MATERIAL: 

 
2                                           Wand 
1                                           EMT Connectors 
2                                           Elbows (90deg) 
?                                            Lugs 
2                                           Alligator Clips 
60’                                        Wire (#12 or #14 Gauge)(Double Count) 
2                                            ½” x 10’ Conduit 
 
 

Intrusion Detector 
 

ITEM QTY:            MATERIAL: 
 

1                                           Detector 
2                                           EMT Connectors 
1                                           Elbows (90deg)                                       
12’                                        Wire (#12 or #14 Gauge)(Single Count) 
1                                         ½” x 10’ Conduit 

 
Smoke Detectors 

 
 

ITEM QTY:            MATERIAL: 
 

2                                             Fire/Smoke Detectors 
4                                             EMT Connectors 
1                                             EMT Union Coupling 
4                                             Elbows (90deg) 
40’                                        Wire (#12 or #14 Gauge)(Single Count) 
5                                            ½” x 10’ Conduit 
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Arc Detectors 
 
 

ITEM QTY:            MATERIAL: 
 

2                                             Arc Detectors 
4                                             EMT Connectors 
4                                             Elbows (90deg) 
1                                             EMT Union Coupling 
45’                                        Wire (#12 or #14 Gauge)(Single Count) 
4                                             ½” x 10’ Conduit 

 
Door Interlock 

 
 

ITEM QTY:            MATERIAL: 
 

1                                             Interlock System 
2                                             EMT Connectors 
3                                             Elbows (90deg) 
18’                                        Wire (#12 or #14 Gauge)(Single Count) 
2                                         ½” x 10’ Conduit 

 
 

AC Lights & Switches 
 

 
ITEM QTY:            MATERIAL: 
 

6                                           EMT Connectors 
3                                            Elbows (90deg) 
1                                            EMT ‘T’ Connector 
25’, 30’                                 Wire (#12 or #14 Gauge) (Single Count) 
4                                            ¾” x 10’ Conduit   
1                                            Switches 
3                                            Electrical Boxes (Oval) 
3                                            Light Setups 
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1                                            Switch Boxes 
 
 
 
 

AC Receptacles 
 
 

ITEM QTY:            MATERIAL: 
 

2                                            Receptacles (GFCI) 
4                                            EMT Connectors 
5                                             Elbows (90deg) 
2                                             Electrical Boxes 
12’, 30’                                  Wire (#12 or #14 Gauge)(Single Count) 

                         4                                             ¾” x 10’ Conduit 
 

AC Main Feed 
 
 

ITEM QTY:            MATERIAL: 
 

1                                            EMT Connectors 
4                                             Elbows (90deg) 
45’                                         Wire (#12 or #14 Gauge)(Single Count) 
4                                            ¾” x 10’ Conduit 
1                                            EMT Union Coupling 

 
 

Media / Data Feed 
 
 

ITEM QTY:            MATERIAL: 
 

1                                            EMT Union Coupling 
1                                            EMT Connectors 
3                                             Elbows (90deg) 
25’                                         Cable (Single Count) 

                        2                                            2” x 10’ Conduit 
 

Sample Line 
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Already Pre-Determined 

 
 

** 2 Distribution Panels:  24”W X 36”L X 8”D ** 
 































































ATTACHMENT J.10 
 
 
IBB Kuwait – Transmission Line support and Transmission Line 
Installation – Skills and Tools 
 
 
Transmission line support installation: 
 
 
Skills: 
 
Reading and interpretation of technical drawings 
Knowledge of local construction codes 
Knowledge of local safety and work regulations 
Fully versed in site layout and surveying techniques 
Knowledgeable in excavation techniques 
Concrete forming 
Reinforcing steel tying and placement 
Template fabrication and utilization for anchor bolts 
Concrete pouring and aeration techniques 
Taking of concrete samples 
Form removal 
Backfilling techniques 
Steel post setting and leveling 
Steel support bridge assembly  
Post grounding 
Field cutting, drilling and corrosion protection 
Leveling and adjustment of posts and Bridge 
Proper bolt torque techniques 
 
Equipment: 
 
Transit and surveying equipment 
Excavation equipment 
Carpentry tools for forming 
Aeration equipment for concrete 
Re-bar tying tools 
Levels 
Tape measures 
Hand tools 
Torque wrench with appropriate sockets 
Drill with bits 
Cut off saw with blades 
Markers 



Rope 
Slings 
Grounding tools including equipment to braze and silver solder 
Hand jack or suitable tension assist devices 
 
 
 
RF Transmission line installation and testing: 
 
 
Skills: 
(Supervision with appropriate expertise will be provided by the Government) 
 
Experience and knowledge in the handling of RF rigid transmission line components 
Experience and knowledge in the handling of RF semi flexible transmission line 
components 
Experience in mating rigid line sections 
Inner anchor seating techniques 
“O” ring installation techniques including lubrication and setting 
Flange bolt sequencing and torque 
Spring hanger set up procedures 
Rigid hanger set up procedures 
Sliding hanger set up procedures 
Roller hanger set up procedures 
System leveling and adjustment  
Handling and management of large cable reels 
Semi-flexible hanger installation 
Transmission line grounding techniques  
Weatherproofing of ground kits 
Semi-flexible connector installation techniques 
Understanding of RF transmission line pressurization techniques 
Installation of dehydration equipment 
Verification of gas integrity of RF lines 
Leak detection and remedy techniques 
RF testing of transmission lines 
Hy-pot testing of transmission lines 
 
 
Tools (in addition to those listed above): 
 
Reel stands to support semi-flexible lines 
Small winch or pull equipment to remove lines from reels 
Connector installation tools (Fine hack saw, fine files, metal snips, small non metallic 
hammer, sharp knives, Allen  wrenches, connector wrenches) 
Ground kit installation tools (Sharp knife, cleaning solvent, screwdriver) 
Leak detector 



RF sweep gear (contractor is not required to supply this) 
Hy-Pot tester (contractor is not required to supply this) 
 
 
 
 
 
 
 
 








	J3-Soil Report_prepared by INCO_Lab.pdf
	Job Order No.: 3652
	Subject:Geotechnical Investigation Final Report
	
	
	
	
	
	
	
	Dr. Abdul Majeed A. Jeragh




	APPENDIX – A
	FIELD ACTIVITIES





	A1- Revised Unified Soil Classification System
	
	
	
	APPENDIX – B
	LABORATORY TESTING






	J4-Schedule of Deliverables.pdf
	ATTACHMENT J.4
	SCHEDULE OF DELIVERABLES
	TUNING SHELTER CONSTRUCTION CONTRACT



